Purpose. balance disorders are considered a significant problem in the elderly as they are associated with an increased incidence of falls. In effect, they can lead to numerous injuries, disability, or even death. The aim of this study was to explore the relationships between the risk of falling and various factors (morphology, socioeconomic status, physical fitness, and physical activity level) in adult and elderly women. Methods. The study population sample included 149 women aged 47-89 years living in the province of Lower Silesia, Poland. The women were divided into two age groups of younger (n =83, age = 59.09 years) and older (n = 66, age = 70.77 years) participants. Measures included bMI, marital status, and physical activity, physical fitness, and education levels. Statistical analysis included a chi-squared ( 2 ) test, cluster analysis, logistic regression, and correspondence analysis. Results. bMI and physical fitness were strongly correlated with falls: the higher the bMI (overweight or obese) and the lower physical fitness, the greater the risk of falling. The remaining variables showed a weak relationship with falling. Conclusions. The fall risk of women who are overweight or obese or with a low physical fitness level is approximately 2.5 times higher than those with normal and healthy levels of bMI and physical fitness. The presence of both risk factors increased the likelihood of falling.
Introduction
The problem of falling in the elderly is a major geriatric syndrome. Its importance is increasing together with everlonger life expectancy, where the phenomenon of population aging is causing societies to grow increasingly older [1, 2] and the percentage of individuals aged over 65 years of age may soon approach 15% in some countries [3] .
One consequence of the aging process includes deleterious changes in the vestibular system, contributing to problems with postural balance. This has been linked to an increased incidence of falls in the elderly and can lead to numerous injuries, disability, or even death [4] [5] [6] [7] . Other biological causes for imbalance and problems with mobility include age-related multisystemic changes with the locomotor, nervous, visual, and hearing systems [8] [9] [10] . Another important cause of falls in the elderly lies with external factors such as irregular walking surface, poor lighting, unstable furniture, or the lack of adequate stair handrails.
The significance of falls in the elderly lies with the fact that approximately 30% of individuals over the age of 65 have fallen at least once per year. Fall risk is known to increase with age, with approximately 40% of seniors over 80 years of age experienced a fall [11] . Even falls that do not cause serious injury or death are a serious matter, as they often cause mental trauma that may generate fear in performing even the most basic activities of daily living.
The literature on the subject has indicated numerous factors contributing to a fall [12] [13] [14] . Generally, they have been classified as environmental factors, task-related factors, and personal factors [15, 16] . However, despite this, the predictive value of many factors has yet to be clearly determined, with little to no evaluation performed of the relationships between various factors or interactions that may modify their influence in relation to one another. At the same time, the incidence of gait and balance disorders in the elderly is not only an individual but social problem that involves both the medical and economic spheres. As a result, identifying the risk factors for falls as well as suitable preventive measures is quickly becoming one of the primary focuses of gerontological and geriatric research. This also includes finding effective methods in improving the functioning of the elderly in terms of their mobility potential. This has given rise to a relatively young scientific discipline, gerokinesiology, whose development should be based on not only recognizing how physical activity affects various aspects of health and well-being in older age but also focus on issues in terms of organizing and promoting physical activity programs for this population [17] .
Therefore, the aim of the present study was to explore the relationships (co-occurrence) of various fall risk factors (body mass index, socioeconomic status, and physical fitness and physical activity levels) in a sample of adult and elderly women. This included determining the hierarchy of the above factors in terms of their relationship with the risk of falling and quantifying the risk of falling using these factors. With this is mind, the following research questions were formulated:
1. Are there any relationships between falling and age, bMI, socio-economic status (education and marital status), and fitness level, and, if so, what are they? 2. What is the predictive value of these factors to falling?
3. Does (and how) fall risk change depending on whether an individual is considered 'at risk'?
Answers to the above questions may help determine whether fall risk cumulatively increases from the presence of certain factors and assess the predictive power in estimating the fall risk of those factors most strongly associated with it.
Material and methods
The study was performed under the auspices of the Ministry of Science and Higher Education (Project No. N404 075337) in the fall of 2011. The research staff consisted of faculty members from the Department of biostructure research of the University of Physical Education in Wrocław, Poland and supervised by Professor Z. Ignasiak. The study design was approved by the Ethics committee for Scientific research of the University of Physical Education in Wrocław. Participants were recruited from cities in the province of Lower Silesia, Poland by announcements advertising a free health check-up to adult and elderly women. Inclusion criteria required the participants to be in good health with no medical contraindications. All tested individuals provided their written, voluntary consent to participate in the study. In total, 149 women aged 47-89 years were selected (basic descriptive statistics for age and morphology are presented in Table 1 .
Analysis was performed on age, bMI, and physical capacity, which was measured by the chair stand and the 8-foot up-and-go tests included in the Senior Fitness Test [18] . In addition, lower extremity muscle strength (m. quadriceps and mm. knee flexors) was also assessed by a multi-functional diagnostic rehabilitation chair (model UPr 1A, OPIW, Poland) that measured the maximum torque (N · m) produced by knee extensor (quadriceps) and flexor muscles. This device was connected to a torque gauge sensor approved for medical use by the central Medical Technology center in Poland. This electronic torquemeter includes a microprocessor (maximum measurement error of 1 N · m) that is connected to computer using MOMENT software (OPIW, Poland). Participants performed the strength test three times from which the best result was selected for analysis. For all testing a single lever arm was used for torque measurement and participants were stabilized at the thighs, hips, and trunk.
A survey was administered to the participants asking whether they experienced a fall within the preceding year, how much physical exercise they performed during an average week, and socio-economic factors consisting of attained education and marital status. All of the variables were then grouped dichotomously. For age, participants were classified as younger (below 65 years of age, n =83) or older (above 65 years, n = 66), whereas for bMI they were separated into those with normal and above-normal body mass (overweight or obese). Data collected from the survey was categorized as follows: having fallen within the past year or not, marital status as either single or in a relationship, education as having a primary or vocational education (lower) or secondary or a university education (higher), and physical fitness as either low or high.
The participants were categorized in terms of physical fitness by using cluster analysis on the collected data by adopting Ward's agglomerative method with Euclidean distances. On the basis of the four exercise tests (chair stand and 8-foot up-and-go tests and the strength measures of the m. quadriceps and mm. knee flexors) agglomerative clustering determined two physical fitness levels.
basic descriptive statistics (mean, standard deviation -SD, coefficient of variation -CV, and minimum and maximum values) were calculated for all variables. Statistically significant differences between both clusterings were assessed using Snedecor's F distribution.
The numbers of women who did or did not experience a fall for each of the studied variables are presented as a percentage (%). Statistically significant differences were assessed using the chi-squared ( 2 ) test. The risk of experiencing a fall was estimated using logistic regression by the maximum likelihood estimation method [19] . Associations between the various categories assigned to each of the variables were performed using multiple correspondence analysis [20] .
Statistical significance was set at p < 0.05 and marked in bold in the relevant data tables.
Results
The statistical characteristics for the quantitative variables (bMI and age) are presented in Table 1 . As was mentioned previously, the participants were categorized in terms of their physical fitness level. Not wishing to adopt stringent criteria on what can be classified as pared with the women in cluster 1 (Tab. 2). As a result, the women from cluster 1 were treated as those with a low physical fitness level whereas cluster 2 signified women with a high physical fitness level. In response to the first research question, multiple correspondence analyses were performed to determine the associations of each of the categories of the analyzed factors. This helped determine the nature of the relationships between the different variables more accurately and in more dimensions than Spearman's rank correlation.
One of the primary purposes of correspondence analysis, as well as factor analysis, is to describe a large quantity of results in a reduced dataset while maintaining most of the variance. For this reason the multidimensional space of the data was first reduced to its original, statistically significant, two-way form corresponding to two dimensions (Fig. 4) . both dimensions explained 34.5% of the total inertia, of which 18.3% was the first dimension and 16.2% the second (Tab. 3). The obtained results indicated that the first two dimensions moderately represent the original data. Additional dimensions explained increasingly smaller proportions of inertia and thereby did not provide any new information.
The interdependence (association) of the individual factors (per category) is presented in Figure 4 . This representation primarily illustrates the close links between falls with high bMI levels and low physical fitness. The other categories of these factors were also found to be closely linked to each other. Most of the individuals who had not fallen in the past year were slimmer and more physically fit. The remaining factors that were associated with each other were marital status and age. This result is not surprising, as younger individuals are more likely to have a partner as those who are older are more often single (widowed). The younger women were also more likely to hold a higher education. completely unrelated with the other factors were the factor physical fitness level (high or low) and the lower education category.
The second research question was answered by assessing the statistically significant differences in the percentage of women who declared they had experienced a fall or not in the past year by those categories most strongly associated with falling. The number as well as percentage of women who did or did not experience a fall according to bMI and physical fitness level as well as the chi statistic ( 2 ) is presented in Table 4 .
Variation in the number of women who had experienced a fall or not, for the categories of both factors, proved to be statistically significant. A significantly greater amount of falls were experienced by women with abovenormal bMI or, in other words, those who were overweight or obese It was also found that significantly more falls were experienced by women with a lower physical fitness level compared with women with higher physical fitness.
The influence of factors associated with falls and the incidence of falls was assessed using logistic regression. The purpose of this type of analysis was to determine the relationship between the likelihood of experiencing a fall depending on bMI and physical fitness level. The results of regression analysis (estimating the regression parameters) are shown in Table 5 , finding this model to be statistically significant.
The risk of experiencing a fall was more strongly affected by physical fitness level than bMI as evidenced by the larger regression coefficients. The positive value indicated that if the physical fitness increases then fall risk decreases, whereas for bMI this was the opposite. Here, the negative value of this factor indicated that an increase in bMI was associated with an increased fall risk of overweight and obese individuals (Tab. 5). The predictive value of physical fitness was statistically significant. calculation of the odds ratio (Or) for the above factors specified how many times one group was more at risk of falling than the other groups. This found that the odds ratios for both of the analyzed factors were similar, i.e. both analyzed factors posed a comparable risk of experiencing a fall. Individuals with a lower physical fitness level have a 2.5 times (Or = 2.522) greater fall risk than those with a higher physical fitness level. The risk of falling increased 2.3 times (Or = 0.428) for those overweight or obese compared with individuals with normal bMI (Tab. 5).
Discussion
Unlike other studies, the importance of age as a predictor of falls was not observed in the present investigation. Several studies have shown age to be an important factor determining fall risk [21, 22] . The reason for this disparity may stem from the heterogeneous number of women composing the younger and older groups. Another reason may be that many researchers compared a significantly older sample of women (women above the age of 65 often composed the youngest of the analyzed age groups). The results of such studies indicate that fall risk increases in successive age groups (70-and 80-year-olds). After 65 years of age more than 30% of individuals experience a fall, after 85 years this affects every second person [12, 23] . This has been confirmed by the World Health Organization, finding that indicators of disability in the world correlate with age [24] . Hence, the calculated odds ratio for a risk of falling increases with age and is highest among individuals over 80 years of age.
Many studies on the risk of falling and its consequences have treated bMI as a predictor of lower bone mineral density and thus itself a risk factor for experiencing a bone fracture and not a fall. The relationship between low bMI and osteoporosis as well as the protective function of high bMI has been well documented in a number of studies [25] [26] [27] . In this case, the estimated risk of a fracture (Or) increases in proportion to a lower value of body mass, with many of the reports indicating that bMI is a better predictor of fractures than body mass. However, some studies have indicated no relationship between bMI and falls [28] . Furthermore, Himes and reynolds observed a high correlation between falls and bMI and the significant predictive power of this factor [29] . Their findings show that obesity increases the risk of falls and, at the same time, individuals who are overweight or obese are less prone to experience a fracture from them. In the present study, the relationship between the number of falls and bMI were statistically significant. Women who were overweight or obese were more likely to have experienced a fall. This may stem from excessive body mass, making it difficult to control movements or vertical balance, where, with a larger moment of inertia, can make it easy to lose one's balance. Unfortunately, the present study did not study the relationship between the number of falls and high bMI with the number of bone fractures, which could have provided interesting results. The present findings are consistent with those reported on an elderly population from Poznań, Poland. Osiński et al. [30] compared the somatic characteristics of individuals who had experienced a fall with those who had (as a result of a disability) and concluded that statistically lower levels of bMI were in the first group of individuals. On the other hand, other studies on a Poznań population showed that older adults with lower bMI had better dynamic balance than those who were overweight [31] .
The present study found an association between falls and a low physical fitness level. Women who were more physically fit were less statistically significantly prone to experience a fall. Physical fitness is treated as part of the group of personal factors [15] . In many studies, physical fitness was assessed using various motors skill tests. However, most studies only diagnose coordination skills such as simple reaction time and eye-hand coordination. This has included evaluation the relationship between falls and vision impairment [32, 33] . Other studies have made use of specialized functional tests designed specifically for clinical trials on a geriatric population (berg balance Scale, Timed Up and Go test, and the Performance Oriented Mobility Assessment) [34, 35] . Nonetheless, these methods are not considered to be suitable in the evaluation of fall risk. Given the high correlations between the incidence of falls and lower extremity muscle strength and stable balance, this study attempted to combine the results of two functional tests (chair stand and the 8-foot up-and-go) included in the Senior Fitness Test with muscle torque values achieved by flexion/ extension of the leg. This was performed by using cluster analysis, which agglomerated the women with better or worse physical fitness results (exercise test results) simultaneously including all of the variables. However, this method makes comparison of the results to those of the literature very difficult. Generally, the results obtained in the present study indicating an increasing risk in individuals less physically fit are consistent with those of other authors [36, 37] . No association was found between the amount of falls with the declared amount of physical activity and the selected socio-economic factors. In the literature there is reference to a slightly larger fall risk among subsequently older people [38] .
Identifying the relationships between the selected factors allowed for analysis of those categories that were associated with one another. The interdependencies between these categories may cumulatively affect fall risk and thus increase the incidence of falls of those individuals who meet several of these 'at risk' conditions. The present study suggests that those particularly vulnerable to falls are overweight or obese individuals who also have a low physical fitness level. Several studies have also indicated that certain factors in conjunction with each other increase fall risk. However, the most commonly mentioned are age and sex [39] , with women more at risk with increasing age [40] . Analysis on the effects of poor physical fitness on fall risk is connected with low physical fitness and a sedentary lifestyle. The consequence of such behavior may be worse postural balance and lower levels of muscle strength [41, 42] .
In summary, the results of the present study find that the most important factors that require attention when assessing fall risk are bMI and physical fitness level. Due the associations between these variables and physical fitness, the need for a physically active lifestyle among seniors is especially important, not only to maintain an adequate level of physical fitness (understood as health-related fitness) and normal body mass, but also indirectly contribute to reducing the risk of falls and therefore dangerous injuries. Additionally, the role of physical activity in slowing age-related changes in the locomotor system can also work to reduce the risk of suffering from bone fractures [43] .
Conclusions
1. close associations between three categories of the analyzed factors, experiencing a fall, excessive body mass, and a poor physical fitness, indicates the cumulative effect of these risk factors. This may lead to an increase in the danger of falling in individuals meeting several of these 'at risk' conditions. Most at risk appear to be those who are overweight or obese and in poor physical condition. The incidence of falls in the groups of women with above-normal bMI and low physical fitness levels was statistically significantly higher than in other groups.
2. both of the above factors are associated with fractures and characterized by a high predictive value, which was statistically significant for physical fitness level.
